Abstract-In view of the existing problems of investment risks assessment on high-tech industry projects such as a lack of systematic, with too much subjectivity and from the point to improve assessment efficiency and effectiveness, the paper combined Analytic Hierarchy Process ( Index Terms-high-tech projects; investment risks assessment; analytic hierarchy process; BP neural network
I. INTRODUCTION
High-tech projects investment occupying large funds and with many uncertainties, in the investment process many unpredictable risks are there, so some enterprises have suffered huge losses in the projects investment process due to ignorance of risk assessment or using improper assessment methods. Therefore, it is essential to apply scientific risks assessment methods to analyze and evaluate the risks of high-tech projects. In terms of the qualitative analysis of the risks investment on high-tech projects, many literatures at home and abroad are mostly focused on the description of assessment index system, no works to explore and integrate those risk factors theoretically and in-depth. While the quantitative analysis on high-tech projects risk has also accumulated a certain amount, and become an important research direction [1, 2] .
The paper first analyzes the investment risk of hightech projects from the six aspects, and establishes an assessment index system for high-tech projects investment risks, and then builds combination model of Analytic Hierarchy Process with BP Neural Network model (AHP-BPNN) which is suitable for high-tech industry and carries out an empirical study.
II. THE CONSTRUCTION OF ASSESSMENT INDEX SYSTEM FOR HIGH-TECH PROJECTS INVESTMENT RISKS
In the investment process of high-tech projects, risk assessment results basically decide the success of the projects. For the risk assessment of corresponding projects, in the use of certain assessment methods and models, it is necessary to establish a certain risk assessment index system in order to reasonably reflect the degree of project risks [3, 4] . The risk assessment index for high-tech projects investment should consider each side of project risks and at the same time classify the risks in accordance with a certain standard. Combined with China's national conditions and domestic high-tech industries, the investment risks of high-tech projects can be divided into six aspects: R&D risks, technology risks, production risks, management risks, market risks and environmental risks.
A. R&D Risks
R&D risk refers to the uncertainty of the expected R&D goal because of the changes in the R&D activities, including theoretical foundations, human resources, information resources and R&D conditions [5, 6] .
(1) Theoretical foundations The reasonableness of theoretical foundations of hightech projects is an important factor in relation to the success of the projects. The high-tech projects with reasonable theoretical foundations may be successful with hard-working and intelligence. Conversely, if a high-tech project is not reasonable on the theoretical basis, then even if the project has good prospects, it is impossible to obtain success, that is, the project is faced with high risks.
(2) Human resources In the era of knowledge economy, high-tech projects, in essence, are the integrations of knowledge. People are the mainstay of technological innovation activities, the project team and technical staffs are important factors of the success and development of high-tech projects.
(3) Information resources Today's society is an information society. Who owns the more information will have the initiative to develop. A high-tech project is itself a collection of knowledge and information. If fully understanding the relevant information about the project including development prospects and social needs and so on, we will be able to grasp the initiative of high-tech projects [7, 8] .
(4) R&D conditions The greater the project's technical difficulty and the higher the complexity, the greater of the R&D risk the project investment. Of course, once the project has successfully gone through the technical phase and production stage, which may obtain proprietary technologies, and then the technical difficulty and complexity will become other enterprises' barriers to entry, thus, the investment in high -tech projects will expect to receive over-interests.
B. Technology Risks
Technology risks mean the risks caused by the own deficiencies of new ideas and scientific researches (that is, the technologies themselves are imperfect) and the emergence of other new alternative technologies, including technology maturity, technology practicality, technology matching and technology life cycle [9, 10] .
(1) Technology maturity When an item of technology lies in immature stage, firstly the workload after investment will increase and so the difficulty of investment control. Furthermore, a premature project will greatly increase the possibility of causing investment risks. At the same time, the immaturity of project technologies will affect the next production and bring market risks.
(2) Technology practicality Technology practicality means the difficult degree and universality of techniques application. When a technology can be widely used, technology risks will be reduced t inevitably; on the other hand, if the application range of the technology is narrow and with harsh conditions, then technology risks is bound to increase.
(3) Technology matching Any technology doesn't exist independently, which must be matched with other relevant technologies and products. If the development of other related technologies is obviously lagging behind, this will affect the development prospects of high-tech projects. Conversely, if other supporting technologies have been more mature, it will promote the investment into the projects, which will provide development ideas and means.
(4) Technology life cycle If the technology life cycle of a high-tech project is too short, it is being eliminated in the near future after developing new products, thus increasing the investment risk. And if there is an enough period from guided phase to decline phase, the project can obtain more stable and long-term return, which can reduce project risks.
C. Production Risks
Production risks refer to the uncertainties caused by the changes the level of production equipment, production personnel constitution, raw material supply and so on. It runs through the entire production process from beginning to end.
(1) The level of production equipment It means whether enterprises' existing production equipment can meet new production requirements. If original production equipment can be used for new projects, enterprises can get the advantage of economies of scale; in the contrary, if the technical level of equipment is poor, then equipment need replacing a large number, which will bring high switching costs.
(2) Production personnel constitution In the era of knowledge economy, high-tech is essentially the knowledge integration. People are the mainstay of technology projects and production personnel constitution is an important performance of the production capacity and potentiality high-tech projects, which has an important impact on the success or failure investment activities. If the production staffs have considerably higher cultural qualities, they can more easily accept new technologies, so the production risks faced by the project will be smaller.
(3) Raw material supply The supply cost of raw materials will affect the overall cost of enterprises and product differentiation. Therefore, enterprises have to consider whether suppliers, ancillary products, energy and other aspects impede production processes. A product with very good market prospects, if there is no stable and reliable supply of raw materials, it will face great investment risks. For some projects which rely heavily on import of raw materials, the cost and price of the high-tech products probably are high up because of too high prices of raw materials, parts and components, which is not conducive to future market access and market penetration.
D. Market Risks
Market risks refer to the uncertainty of market competition advantages lead by a variety of internal and external factors including market prospects, product competitiveness, potential competitors, marketing abilities, and so on [11, 12] .
(1) Market prospects The investment incomes of high-tech projects are closely related with market prospects. The better the market prospects of project products are, the greater the return on investment will be. In contrast, if the market project products will not be optimistic, the investment income will be a little, and even generate a loss.
(2) Product competitiveness The key to whether any project can bring investment benefits is to look at the competitiveness of the project products in the marketplace. Only have the project products relatively stronger market competitiveness than other same or similar products, this can bring a steady flow of investment returns. When the competitiveness of their products is being reduced, the investment income they bring will be less and less and the product's market share is steadily falling.
(3) Potential competitors This is mainly decided by the conditions such as the number of competitors, the strength of competitors and consumers' dependency on rival products. If more than competitors, the market will be very intense and the uncertainty of the future will be greater. If the competitor's strength is not strong, then the threat posed on the investment projects is not too great. Conversely, if the strength of competitors is more powerful than or as powerful as us, the risks arising from competitive factors will be larger.
(4) Marketing abilities Some high-tech project products need to adapt to market demands, according to market needs, organize technological innovation; and the other products will require investors to attract the attentions of consumers with their new products, and guide the consumer preferences. The inherent propensity to consume reflected by the consumers determines that only the products with strong marketing capabilities attract consumers in the short term, and tap the potential of consumer demands.
E. Management Risks
Management risks refer to the risks caused by whether the leadership has uniform agreement on high-tech projects investment or not and the non-applicability of managers and staff quality, which include managers' quality and experiences, the rationality of project organization ， the scientificity of decision-making and project management mechanisms so on [13, 14] .
(1) Managers' quality and experiences Because of the high-tech projects have some characteristics which make the project manager become the information hub of project management, so the project manager's position is very important. If the knowledge level of project manager is not high, do not have a strong sense of innovation, or lack of experiences, these no doubt have a negative impact on the results of high-tech investment projects. Therefore, in the investment risk assessment on high-tech projects, enterprises not only conduct risk assessment on the project itself, but also on the experience of project managers. An experienced project manager has a very successful investment an important role for the high-tech projects.
(2)The rationality of project organization Existing statistical results showed that for the same high-tech investment project, compared to the inefficient project organization and management, the success rate of good and reasonable project organization and can probably be raised by 50%, and project development time is also at least could be shortened to 70%. This shows that the reasonableness of project organization has an important influence on the success of high-tech projects investment.
(3) The scientificity of decision-making A high-tech project with development potentials must have a scientific and effective decision-making system. If the project manager make decisions only by their own subjective judgments and personal experiences, it is likely to result in errors in decision-making, resulting in the failure of investment.
(4) Project management mechanisms It is equally important to establish a scientific project management mechanism for high-tech projects for the project investment success. Scientific management mechanisms can fully project the enthusiasm of members to maximize the potential of individuals. At the same time, it also can promote the project get effective monitoring and management in the investment process, which also has protection for the success of the project [15, 16] .
F. Environmental Risks
Environmental risks refer to the risks caused by market demand fluctuations as a result of social, political (policy and legal), natural and economic environment, involving in national industrial policies, macroeconomic environments, and natural environments.
(1) National industrial policies Countries and regions often with have policy tilts and supports to the investment projects related to the regional economic development and planning such as tax incentives. Such supports from the government can affect business efficiency. Similarly, the projects in violation of government regulations would be restricted or even prohibited.
(2) Macroeconomic environments The indicator is used to determine the uncertainty of state's macro-economic environments in the investment process of high-tech projects. It is clear that when the macro-economic changes towards a negative direction, it will affect related demands of high-tech project products. When the macro-economic situation tends to improve, the acceleration of economic growth will be often accompanied by higher prices and growth rate, which will increase the demands for raw materials and capital. If investing on a high-tech project in the economic upsurge, and the products are outputted just in its economic recession, the investment of high-tech projects will face greater economic risks.
(3) Natural environments Any high-tech project investment is in a specific environment which not only may have a positive effect but also may have a negative role on the project investment. For example, the earth's greenhouse effect will undoubtedly have great role in promoting the projects which guard against ultraviolet radiation. And a growing number of earthquake disasters are creating a huge demand for shockproof devices.
In addition to the above several risk aspects, high-tech project investment also face financial risks, financing risks, intellectual property risks, credit risks and so on [17, 18] . For investment risk assessment on high-tech projects, the focus should be concerned about technology risks, market risks and management risks and so on. Based on the above analysis of risk factors, we can accordingly build the investment risk assessment index system of high-tech projects, as shown in Table I . 
A. Analytic Hierarchy Process
AHP is an extensively used method to deal with the importance grades with respect to many items. It is an effective way to deal with complicated problems that cannot be analyzed by quantitative method completely. The present issue in this paper is such a problem that it is proper to apply AHP to it. T. L. Saaty of Pittsburgh University first put forward AHP in the middle of seventies last century (Saaty 1980). It has been developed and applied to numerous areas since then [19] . Users of the AHP first decompose their decision problem into a hierarchy of more easily comprehended sub-problems, each of which can be analyzed independently. The elements of the hierarchy can relate to any aspect of the decision problem-tangible or intangible, carefully measured or roughly estimated, well-or poorlyunderstood-anything at all that applies to the decision at hand. Once the hierarchy is built, the decision makers systematically evaluate its various elements, comparing them to one another in pairs. In making the comparisons, the decision makers can use concrete data about the elements, or they can use their judgments about the elements' relative meaning and importance. It is the essence of the AHP that human judgments, and not just the underlying information, can be used in performing the assessments. The AHP converts these evaluations to numerical values that can be processed and compared over the entire range of the problem. A numerical weight or priority is derived for each element of the hierarchy, allowing diverse and often incommensurable elements to be compared to one another in a rational and consistent way. This capability distinguishes the AHP from other decision making techniques. In the final step of the process, numerical priorities are derived for each of the decision alternatives. Since these numbers represent the alternatives' relative ability to achieve the decision goal, they allow a straightforward consideration of the various courses of action.
B. BP Neural Network
The Backpropagation (BP) neural network is not only the most widely used, but also one of the most maturely developed neural networks. It is a multi-network training with weights of the nonlinear differential function. 80 percent to 90 percent of artificial neural network models are BP network or its transfiguration in practical application. Backpropagation was created by generalizing the Widrow-Hoff learning rule to multiple-layer networks and nonlinear differentiable transfer functions. Input vectors and the corresponding target vectors are used to train a network until it can approximate a function, associate input vectors with specific output vectors, or classify input vectors in an appropriate way as defined by you. Networks with biases, a sigmoid layer, and a linear output layer are capable of approximating any function with a finite number of discontinuities. Standard backpropagation is a gradient descent algorithm, as is the Widrow-Hoff learning rule, in which the network weights are moved along the negative of the gradient of the performance function. Properly trained backpropagation networks tend to give reasonable answers when presented with inputs that they have never seen. Typically, a new input leads to an output similar to the correct output for input vectors used in training that are similar to the new input being presented. This generalization property makes it possible to train a network on a representative set of input/target pairs and get good results without training the network on all possible input/output pairs. The structure and calculation process are shown as Figure 1 [20, 21] .As shown in Fig.2 , the Backpropagation neural network is based on hierarchical structure, including an input layer, an output layer and one (or more) hidden layer [22, 23] . Backpropagation networks often have one or more hidden layers. In order to overcome the slow convergence and local minimum, the paper adds the momentum factor mc and apply adaptive learning rate. Momentum allows a network to respond not only to the local gradient, but also to recent trends in the error surface. Acting like a lowpass filter, momentum allows the network to ignore small features in the error surface. The learning algorithm of momentum factor mc is:
is the weight and bias,
is the negative gradient at current X , V is the squared errors of network's actual outputs and expected outputs, is the search direction vector, is the previous change to the weight or bias, lr is the learning rate, is the momentum constant, which can be any number between 0 and 1. Without momentum a network may get stuck in a shallow local minimum. With momentum a network can slide through such a minimum.
With standard steepest descent, the learning rate is held constant throughout training. The performance of the algorithm is very sensitive to the proper setting of the learning rate. If the learning rate is set too high, the algorithm may oscillate and become unstable. If the learning rate is too small, the algorithm will take too long to converge. An adaptive learning rate will attempt to keep the learning step size as large as possible while keeping learning stable. The learning rate is made responsive to the complexity of the local error surface. The formulas of the adaptive learning rate algorithm are:
First, the initial network output and error are calculated. At each epoch new weights and biases are calculated using the current learning rate. New outputs and errors are then calculated. As with momentum, if the new error exceeds the old error by more than a predefined ratio (typically 1.04), the new weights and biases are discarded. In addition, the learning rate is decreased (typically by multiplying by 0.7). Otherwise, the new weights, etc., are kept. If the new error is less than the old error, the learning rate is increased (typically by multiplying by 1.05).
C. The Basic Framework of Investment Risks Assessment on High-tech Projects Based on AHP-BPNN
According to the above analysis, we can propose the basic framework of investment risks assessment on hightech projects based on AHP-BPNN, as Figure 2 shows. 
VI. DESIGN OF INVESTMENT RISKS ASSESSMENT MODEL BASED AHP-BPNN

A. Input Layer Design
The paper prepared and carried out questionnaires to relevant experts, high-tech industry manager and first-line personnel of risk assessment. 35 copies of questionnaires are sent and 31 withdrawn, with 88.6 percent response rate. According to the established investment risk assessment index system of high-tech projects in Table I , the paper applied AHP, on the basis of withdrawn questionnaire, to determine the weights of all indexes. Among them, for the indexes in the same criteria layer, we apply 1-9 proportional scaling method(as Table II shows) to determine the relative weights of each index, and calculate the Eigenvectors (i.e., weights) and the largest eigenvalue of judgment Matrix. For example, in the criterion layer, there are six criterions: R&D, technology, production, market, management and environment, their pair-wise judgment matrix relative to the goal is shown in Table III [24] .
From Table III 
Where the largest eigenvalue 0693 . 6 max = λ , the consistency index CI =0.0139<0.1, the relative consistency index CR =0.0112<0.1, which all meet the consistency test, so the eigenvalues can be directly taken the weights of each criteria. Similarly, we can construct pair-wise judgment matrices of the indexes in the index layer relative to corresponsive criterion in the criterion layer, and calculate the membership weights of each index relative to its criterion, and the synthetic weights relative the goal, concrete results as Table VI shows.
As the CR value of each judgment matrix is less than 0.1, you can think that they meet the consistency test, and then calculate the membership weights and synthetic weights of various indexes, as shown in Table VI . To simplify the inputs of BP network, we remove the indexes whose weights are less than 0.02, so four indexes: , , and are excluded. On the one hand, the exclusion can guarantee the contribution rate of the cumulative weight of the remaining 18 indexes is more than 90%, which will not affect the degree of risk assessment; on the other hand, the number of indexes is reduced from 22 to 18, the simplification range 18.18%. The simplified risk assessment index system could serve as the inputs of AHP-BPNN, as shown in Table V the best tool to analyze and design neural networks. In this paper, the investment risks assessment model of high-tech projects based on AHP-BPNN is implemented by the toolbox in MATLAB7.0. First of all, establish of the investment risks assessment index system of high-tech projects, see Table I ; and then based on questionnaire surveys, use AHP method to calculate the index weights, and screen the indexes which give us the input layer of AHP-BPNN model, and take the assessment results of project risks as the output layer to carry out simulation. During this process, we first use enough samples to train the network, and continuously adjust the parameters set until the error parameters and the expected results are achieved. Lastly, test the samples for testing and calculate the errors between running results and actual results. The robust network can be used to evaluate the investment risks of high-tech projects directly. Specific training processes and application processes are shown in the following example.
V. AN EMPIRICAL STUDY
A. Selecting the Sample Data
Zhang Xin-hong (2001) has collected the assessment index values of fourteen high-tech projects in Fujian Economic Development Zone. This paper, according to the reduced indexes in Table V, cited the data and  screened sample sets, the values as Table VII shown. Here, the top ten records are used to train the neural network, and the last four records are taken as a test set [29, 30] . 
B. Simulating and Testing
BP neural network simulation directly calls the "newff" command in BP neural network toolbox of MATLAB 7.0 to create the network, "train" command to train the network, "sim" command to simulate and "postreg" to test network performances. There are eighteen nodes in input layer, one node in the output layer, and through debugging and comparing, eight nodes in the hidden layer. The learning rate is 0.05, performance goal 0.001, the initial weight and threshold of the input layer and hidden layer 1, training epochs 1000. The running results and the actual results are shown in Table VIII .
C. Conclusion Analysis
For the training set, the running results and actual results are shown in Table VIII . We can find that although there are some differences in both results, the assessment orders are basically the same, and the correlation coefficient of both values was 97.3%, which verifies the validity of the model.
VI. CONCLUSIONS
Investment risks assessment of high-tech projects is a more complex process, involving various factors and it is not entirely the linear relationship between influencing factors and measurement results. AHP-BPNN model has a strong nonlinear mapping ability, with strong learning ability and high classification and prediction accuracy. In AHP-BPNN model, using AHP, we can construct a comprehensive and clear risk assessment index system and pre-process the indexes to make the index system simplified, which can be ruled out negative results due to too many factors. Especially for more complex systems modeling, it can greatly improve the model efficiency. On this basis, using MATLAB software with BP Neural Network model, we carried out example simulations and results were analyzed. The results showed that the combination model of Analytic Hierarchy Process with BP Neural Network model (AHP-BPNN) is effective. Although this article, according to current studies at home and abroad and China's high-tech industries, constructed a risk assessment system of high-tech projects including six aspects and twenty-two indexes, whether each index is appropriate not needs further analysis. Although based on the questionnaire survey, we used AHP to calculate the weights of each index, how we can get a more objective score results also needs further investigation.
